Introduction
Since the 1970s, Peter Bellwood's archaeological interests have focused particularly on investigating the emergence of agriculture in Southeast Asia (Bellwood 1976 (Bellwood , 1997 (Bellwood , 2001 Diamond and Bellwood 2003) . Peter has been a strong advocate of the farming/ language dispersal hypothesis and has been a main proponent of the migration of agricultural populations, ultimately from southern China, through Mainland and Island Southeast Asia (ISEA) as the main mechanism explaining the geographic distribution of closely related languages and peoples across the region today (Bellwood 1996 Bellwood and Dizon 2005) . He has argued that these migrating human populations brought with them new modes of sedentary settlement and agricultural life-ways for the first time, as well as a suite of new material culture.
In reference to MSEA in particular, Bellwood (1979: 162-163) remarked that cattle bones (Bos indicus), almost certainly from domestic stock, had been identified associated with human burials at the Neolithic site of Non Nok Tha in northern Thailand, dated in the 1970s to 8000-6000 BP (Higham and Leach 1971, Higham 1975) . The pigs and dogs, also associated with the burials, 'were presumably, but not certainly, domesticated as well' (Bellwood 1979: 162-163) . In other words, the presence and timing of the appearance of domestic animals across Southeast Asia were a best estimate in the almost complete absence of any identified skeletal remains from archaeological sites.
A confounding factor in linguistic arguments for linking domestic animal translocations to the spread of Austronesian languages in ISEA was the contentious appearance of pig bones dating to 10,000-6000 BP at sites like Kafiavana, Yuku and Kiowa in the highlands of New Guinea (Bulmer 1966 (Bulmer , 1975 (Bulmer , 1982 , and at the sites of Akari and Beri on the coast of the same island by 6000-5000 BP (Swadling et al. 1989) . A recent critical reassessment of the chronological integrity of pig bones at Watinglo, Taora and Lachitu has illustrated the problems in relying on associated radiocarbon dates recovered from 'the same' stratigraphic horizons as pig bones to infer radiometric age. The study suggested a much later suid introduction into New Guinea, probably after 3000 BP, and succeeding the initial appearance of pigs in Lapita contexts (O'Connor et al. 2011 ).
In the decades following Peter's comments, the evidence for the introduction of the 'big three' (pigs, dogs and chickens) into SEA in the period before 3000 BP has remained rather circumstantial, and direct zooarchaeological evidence has been scarce. But for pigs to be present in Lapita period sites such as Kamgot, Babase Island, New Ireland, by 3380-2950 cal. BP (MatisooSmith 2007) , pigs and chickens at Talepakemalai by 3500-3400 cal. BP (Kirch 1997) , 1 pigs and chickens at Teouma on Vanuatu around 3100-2700 cal. BP (Storey et al. 2010 (Storey et al. , 2012 Hawkins 2015; Petchey et al. 2015) and dogs in Australia at ca. 3500 BP (Macintosh 1964; Milham and Thompson 1976) they must have all been transported through ISEA prior to these dates.
In this paper, I review the most recent evidence for the origins and routes of migration of the 'big three' across MSEA and ISEA prior to ca. 3000 BP. Two lines of evidence are drawn upon here: modern and ancient genetics, and the physical remains of domestic animals recovered from archaeological sites. I address three questions: 1. What is the likely origin of the 'big three'? 2. When do they first appear across MSEA and ISEA? and 3. What were their potential routes of translocation?
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Genetic evidence Pigs
Pig domestication in MSEA is fairly complex, and further complicated by replacement of early domesticates through later translocations southwards into the region from central China (Larson et al. 2010) , and what Larson and Fuller (2014: 121) term 'introgressive capture'. Introgressive capture occurs when domestic animals are translocated from one geographic location to another, where they then interbreed with their wild relatives and acquire a 'local' mitochondrial signature. This can, and has been, mistakenly identified as an independent domestication event (see Larson et al. 2005) . This is almost certainly the case with the Pacific Clade of pigs, which can be traced from southern China/northern Vietnam through Laos and into Peninsular Malaysia (Larson et al. 2005 (Larson et al. , 2007 . The ultimate origin of these pigs was probably in the Yangtze and Yellow River regions where pig domestication has been recorded as early as 9000 BP (Cucchi et al. 2011 ). Archaeological and/or modern pig samples with the Pacific Clade signature also occur in Sumatra and Java, and throughout Wallacea and Melanesia, and this has been interpreted as the potential route of migration of human populations, along with their pigs, into the Pacific (Figure 15 .2; Larson et al. 2007 ). However, no specimens with this unique haplogroup have seemingly been found to the west in Cambodia or Thailand where similarities in material culture indicate clear connections with early agricultural communities in southern China and northern Vietnam from ca. 4000-3800 BP onwards (Higham 2004; . Yang et al. (2011) , based on their mtDNA analyses, argued for small-scale domestication events in MSEA, including within the borders of Thailand. Contra Larson et al. (2010) , they also suggested that the Pacific Clade of pigs likely had its origins in ISEA, rather than the Mainland. They based this interpretation on the fact that they found a particular haplogroup (D6 and subgroup M3) linked to the Pacific Clade in both wild and domestic pigs in ISEA populations, though they did not specify where within the islands these were recorded. Although possible, it is unlikely that the Pacific Clade was domesticated in eastern Indonesia (Sus scrofa is only native to the western Indonesian islands of Sumatra, Java and Bali) and transported back into MSEA. This distinctive phylogenetic grouping has been recorded in numerous wild boars in Yunnan Province of southern China, northern Vietnam and Laos where the haplotype is likely to have originated (similar to the Pacific Clade), and moved southwards as part of the Austroasiatic agricultural population migrations (Larson et al. 2010) . Lum et al. (2006) also identified a MSEA origin, possibly Vietnam, for the 'tusker' pigs of Vanuatu, and linked their introduction with the expansion of Lapita at ca. 3200 BP. They made a tentative connection between pig translocations and the distribution of Austronesian languages but did not specify a particular route of human migration bringing the 'tuskers' to Vanuatu.
No pigs with the Pacific Clade signature have been recorded in either Taiwan or the Philippines, precluding these islands as the point of departure eastwards into the Pacific for these domestic pigs (Larson et al. 2007 ). In contrast, some modern, and ancient Philippine pigs possess a unique haplotype stemming from the island of Lanyu, located between the northern Philippines and southern Taiwan (Figure 15.2; Larson et al. 2010) . Though the Lanyu pigs still cluster with their relatives, Mainland East Asian Sus scrofa, their genetic distance would seem to indicate that they separated long enough ago to become an island native (Larson et al. 2010; Wu et al. 2007) . No wild pigs exist on Lanyu nowadays (if they ever did), and only their domestic descendants remain. Interestingly, a study of modern domestic pigs in the Philippines identified several Lanyu signatures in the Cordillera region (Herrera 2010) , indicating that the Lanyu haplotype had been introduced to Luzon Island sometime in the past. There is, however, no evidence yet of the expansion of this unusual haplotype beyond the Philippines during prehistory.
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In ISEA, domesticated varieties of the Eurasian wild boar (Sus scrofa) are not the only suids to have been translocated between islands. There is genetic evidence to suggest the translocation of the Sulawesi warty pig (S. celebensis) from Sulawesi to offshore islands, as far as Flores, Timor, Halmahera and Roti (Groves 2007) . Groves (1981 Groves ( , 2007 has suggested that the Sulawesi warty pig might have been deliberately introduced as a domesticate across parts of Wallacea prior to the introduction of S. scrofa. This raises an interesting question about the status of pig domestication in ISEA in the mid-Holocene (addressed below), and whether the Eurasian wild boar was really the first domestic pig species in the region.
Chickens
The majority of published chicken genetic research undertaken so far has focused primarily on the origins of domestic fowl in Asia and MSEA (Fumihito et al. 1996; Liu et al. 2006; Kanginakudru et al. 2008) , and their routes of translocation across Oceania and on to South America (Storey et al. 2008 (Storey et al. , 2010 (Storey et al. , 2012 (Storey et al. , 2013 . Less emphasis has been placed on the timing of their entry and routes of movement across ISEA, due to insufficient data to link specific modern chicken haplogroups to definitive ancient domestication centres and lineages through ISEA and into Oceania (Storey et al. 2013 ). There does seem to be consensus between many researchers that there were multiple domestication centres for chickens in India (Kanginaduru et al. 2008) , Thailand (Fumihito et al. 1996) , South and southwest China and/or surrounding areas (Liu et al. 2006) , and potentially all the above (Storey et al. 2013) . Storey et al. (2013) terra australis 45 Storey et al. (2012) originally argued that Haplogroup E chickens were the first to arrive in the Pacific, and made connections between Polynesian explorers and pre-European origins of Haplogroup E chickens in South America. More recently, Thomson et al. (2014) found that the majority of modern and all ancient chickens in the Pacific were Haplogroup D, rather than the proposed E. Furthermore, and importantly, east of the Solomon Islands the only ancient D haplotype chickens recorded are those possessing a specific signature termed the 'Pacific or Polynesian motif ' (Figure 15.2) . West of the Pacific Islands, Thomson et al. (2014) only found this specific D haplotype in the Philippines. This, based on the current chicken genetic evidence, and the independent spread of the Pacific D chickens east of Vanuatu, suggests an initial arrival with human populations from the Philippines into Near Oceania.
Dogs
Most modern and ancient DNA studies investigating the origins and routes of translocations of the domestic dog in MSEA and ISEA have focused on the Australian dingo (Canis lupus dingo). This is because archaeological research has indicated dingoes probably represent the earliest translocation of canids across ISEA and introduction to the Australasian region. This interpretation is supported by the genetic evidence, which places these relatively ancient dog breeds at the base of phylogenetic trees (Larson et al. 2012 ). et al. (2004) analysed modern mtDNA from 211 dingoes, 38 Eurasian wolves and 676 dogs from all continents, as well as 19 pre-European archaeological dog samples from Polynesia. They identified a distinctive substitution (known as A29) in dingo mtDNA with a mean genetic distance that indicates an origin for the lineage at ca. 5000 BP. They suggested that the dingo originated from domestic dogs in East Asia, and was transported across ISEA as part of the Austronesian expansion, after 4000 BP (Figure 15. 3). However, Oskarsson et al. (2011) argued that there was no evidence for the A29 substitution in any of the modern Taiwanese and Philippine dog samples they studied, and an Austronesian introduction of the dog to Polynesia was unlikely. Instead they proposed a southern Chinese origin for the dingo lineage, and a route of translocation through Southeast Asia and Indonesia, not that dissimilar to the proposed route for the Pacific Clade of pigs (Figure 15.3; see Larson et al. 2007 ). Other studies have also suggested a southern Chinese/MSEA origin for domestic dogs (Ding et al. 2012; Pang et al. 2009 ). Sacks et al. (2013) propose a more complicated scenario, whereby the first dogs introduced into MSEA possibly came from the west, in South Asia (though no point of origin is specified) in the pre-Neolithic, and these were later replaced throughout MSEA during the expansion of farming communities across the region (Figure 15 .3). Their study supports the hypothesis that ISEA dogs have their origins in MSEA, and that, contra to Oskarsson et al. (2011) , Philippine dogs share their ancestry with those from Indonesia. Dingoes are also more likely to originate from the Mainland than Taiwan (though the latter location cannot be entirely discounted), but a unique haplotype, derived from (H5) observed in dingoes, but not in other ISEA modern dog populations, argues against their close relationship. Thus, Sacks et al. (2013) have proposed a direct translocation from MSEA/Taiwan of the dingo to Australia, with mutations indicating a common ancestor between the two populations at ca. 5000-4000 BP (Figure 15 .3). Freedman et al. (2014) also argued for a pre-agricultural origin and translocation of the dingo from the Mainland to Australia. This was primarily based on the fact that dingoes only have two copies of the starch digestion gene, and this probably meant that they were unlikely to have had any close association with cultivators of cereal crops.
One modern human genetic study has argued for considerable gene flow between Indian and Australian Aboriginal populations some 4,200 years ago, and that this coincided with introduction of the dingo and microlithic blade technologies to Australia (Pugach et al. 2013 ). Gollan (1980 Gollan ( , 1984 made the same argument for an ancient connection between Indian and Australian populations based on the sudden appearance of backed blades and his morphometric study of dingo and Indian pariah dog crania.
Zooarchaeological evidence for pigs, dogs and chickens
The purported occurrence of domestic dogs in the bone assemblages of forager communities in the Yongjiang Valley in Guangxi around 7000 BP and in Dingsishan sites at 6500-5000 BP is significant in that it suggests that dogs were potentially present in southern China prior to the arrival of agriculturalists (Zhang and Hung 2010) . However, close examination of the zooarchaeological data from Dingshishan indicates that dogs were only identified in the upper horizons of the site in association with rice agriculture (Lu 2010) , and thus likely a later introduction than previously reported. Pigs have been described from the later layers at Tanshishan phase sites in Fujian on the southeast coast of China, opposite Taiwan, dating to ca. 5000-4300 BP and associated with agriculture (Hung and Carson 2014) , and could have been introduced to Southeast Asia with the earliest farming communities. As far as the author is aware there are no reports of domestic chicken remains from southern China in the Neolithic as yet.
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Mainland Southeast Asia Bui Vinh (1991) has claimed the presence of domestic dogs at the late forager site of Con Co Ngua, and Patte (1932) also reported a 'dog' ulna similar in size to that of the dingo from the site of Da But, both in Thanh Hoa Province of northern Vietnam and dating to ca. 5500-6500 BP. Both these claims are yet to be corroborated and the specimens clearly distinguished from native wild canids. Dogs and domesticated pigs have, however, been identified in northern Vietnam, at the transitional forager-farmer site of Man Bac dating from ca. 3700-3500 cal. BP onwards Sawada et al. 2011) . Canid remains morphologically similar to modern domestic Vietnamese dogs were reported from Dong Dau in the earliest levels of Phung Nguyen cultural deposits dated to 3328±100 uncal. BP ; Gollan 1980: 222) . In the Mekong Delta region of southern Vietnam, dogs and pigs are present at the agricultural settlement sites of An Son (4000-3500 cal. BP) and Loc Giang dating to ca. 3800-3300 cal. BP onwards (Piper et al. in press) , and at Rach Nui from 3500 cal. BP onwards (Oxenham et al. 2015; . There is also a tentative identification of a chicken tarsometatarsus from a securely stratified layer at Loc Giang dating to ca. 3500 cal. BP (Piper et al. in press) . Domestic animals are absent from the hunter-gatherer site of Nong Nor in central Thailand, occupied around 4300 BP (Higham 2004 ), but dogs are present at the proposed forager site of Kok Phanom Di (KPD) after ca. 3700 cal. BP. Higham (2004) and Kijngam (2011) have argued that the appearance of dogs at KPD coincides with movements of rice agriculturalists into the region who brought dogs with them. There are also records of dog, pigs (possibly domesticated) and chickens from Non Nok Tha (Higham 1975 ) from 3400-3100 cal. BP (Higham et al. 2014) , pigs and dogs from Ban Chiang (Higham et al. 1980 ) from 3600 BP , and chickens at Ban Na Di (Storey et al. 2012 ). In the earliest phases of Ban Non Wat, dating to 3650-3250 cal. BP, the dogs are considered to be from domestic stock, the chickens were possibly domesticated and the pigs await aDNA and geometric morphometric determinations Kijngam 2011) .
Island Southeast Asia
Source populations of domestic pigs and dogs for introduction to ISEA appear to have been present across parts of MSEA from at least 4000 BP onwards, and dogs have been recorded at Nanguanli in Taiwan dating from ca. 4800 BP (Tsang et al. 2006) . The prehistoric status of pigs in Taiwan remains unclear but there is a strong possibility they were present from at least ca. 4000 BP.
In the Philippines a direct C 14 determination on a pig lower fourth premolar from Nagsabaran in northern Luzon produced a date of 3940±40 BP (WK-23397) or 4499-4332 (77.4 per cent) /4568-4520 (13.2 per cent) cal. BP (all radiocarbon dates herein recalibrated using OxCal 4.2, IntCal 13; Bronk Ramsey 2015). This currently represents the earliest evidence for the introduction of domestic pigs into ISEA (Piper et al. 2009 ). There is no dog recorded in the early phases of Nagsabaran so far, but a dog burial at the base of the shell midden probably dates to between 2800-2500 BP Piper et al. 2009) . A canid 3rd left metatarsal found in Callao Cave in the Peñablanca region of northern Luzon is loosely associated with a radiocarbon date from the same stratigraphic unit of 3335±34 or 3650-3470 cal. BP (WK-17010; Mijares 2006: 39; Piper et al. 2013) . There is no evidence of wild canids ever inhabiting the Philippine archipelago east of Palawan and this is almost certainly from a domestic dog. Supporting evidence for a possible mid-third millennium BC introduction of dogs to the Philippines also comes from Pasimbahan Cave on Palawan where a dog occipital fragment was recovered from a deposit with an associated radiocarbon date on charcoal of 3401±26 or 3753-3628 cal. BP (WK34844; Ochoa et al. 2014 ). The 'early' age determinations on associated pieces of charcoal from both Callao and Pasimbahan should be regarded with caution. At Savidug Dune Site on Sabtang in the Batanes Islands, between Taiwan and Luzon, pig is present from ca. 3100 cal. BP, but dogs are first recorded only in association with dates of 2500-2300 cal. BP. A single right tibiotarsus fragment from Savidug Dune site dating to ca. 2500-2300 cal. BP has been tentatively identified as domestic fowl (Bellwood and Dizon 2013; Piper et al. 2013) .
Geometric-morphometric studies of archaeological pig teeth from Niah Cave on Borneo were inconclusive, but indicated that it was unlikely that any of the pig remains recovered within sequences securely dated to the earliest pottery phases before ca. 3500 BP were domestic (Cucchi et al. 2009 ). A few pig teeth from a single individual with domestic affinities were found at Lobang Magala E, and were considered to be of 'Neolithic' age by Medway (1973) . However, the provenance of this specimen is insecure and it is highly likely to be post-Neolithic . Domestic pigs and dogs are certainly present at Niah by the early Metal Age from ca. 2500 BP onwards ).
There are two early enigmatic records of canids in ISEA. A single canine and calcaneus in the Agop Sarapad entrance to Madai Cave in Sabah (MAD2), north Borneo, are dated by freshwater shell to ca. 10,000-9000 BP (Bellwood 1988: 125; Cranbrook 1988a Cranbrook : 147, 1988b ) and four bones within secure contexts date to the Terminal Pleistocene and early Holocene (10,000 BP and older) from Ille Cave, northern Palawan (Lewis et al. 2008; Piper et al. 2011) . None of these remains are diagnostic enough to distinguish between Canis and Cuon alpinus (Asiatic wild dog). Cranbrook (2014) proposes that the early canid remains from Borneo and Palawan could represent remains of early domestic dogs introduced to the islands long before the Austronesian diaspora. However, both Borneo and Palawan were conjoined to the mainland during the Middle and/or Late Pleistocene (Robles et al. 2015 ) and the most parsimonious explanation for the presence of these canid remains at such early dates in ISEA is that they represent locally extinct populations of the Asiatic wild dog that had reached the islands across land-bridges during periods of low sea stand (Cranbrook 1988; Piper et al. 2011 ).
The only domestic animal reported from Indonesia west of Wallace's Line dating to greater than 2500 BP is a partial skeleton of a dog from Hoekgrot on the south coast of East Java. Storm (2001: 31) reports that this specimen had uncertain associations with two dates of 2655±60 or 2925-2544 cal. BP on 'fauna' and 3265±55 BP or 3630-3381 cal. BP on human bone (no lab codes provided).
On Sulawesi, Minanga Sipakko and Kamassi in the Kalumpang region of the Karama River Valley produced pigs, probably of domestic origin. These were recorded in some of the oldest archaeological deposits at around 3500 BP, or slightly earlier in Minanga Sipakko (Anggraeni et al. 2014) . Indirect evidence for the presence of dogs at Kamassi was recorded in the form of bone gnawing and digestion from the earliest phases of occupation, but actual dog bones are only present from ca. 3000 BP onwards. Glover (1986) had argued for a date as early as 5000-4000 BP for the East Timor dog remains studied by Gollan (1980) . However, his East Timor chronology, which relied on extrapolation from a small number of available dates, is no longer considered reliable. A single pig tooth from Uai Bobo 2 Horizon VII, recovered from deposits dating to ca. 5600 BP (Glover 1986: 204) , is also considered unreliable. The earliest securely dated canid remains in East Timor come from a dog burial in Matja Kuru 2 (Gonzalez et al. 2013; Veth et al. 2005) . Two direct radiocarbon assays obtained on bones from the skeleton returned dates of 2967±58 or 3335-2961 cal. BP terra australis 45 (95.4 per cent; Wk-10051) and 2867±26 BP or 3070-2885 cal. BP (95.4 per cent; Wk-34931) (3138-2929 cal. BP, 95.4 per cent probability, X 2 test: df-1, T-2.5 (5 per cent; 3.8)) indicating the presence of dogs on the island at the end of the second millennium BC (Veth et al. 2005 ).
Pig bones identified as the Pacific Clade haplogroup of S. scrofa have been recovered from Liang Bua Cave on Flores in deposits dating to after 4000 BP, and in association with pottery and other evidence of Neolithic material culture. However, a suid tooth from the same site identified through aDNA as Sulawesi warty pig (S. celebensis) was recovered in association with a charcoal sample dated to ca. 7000 BP (Larson et al. 2007 ). The dog was only recorded in sub-surface layers at Liang Bua dating to within the last 500 years (van den Bergh et al. 2009 ). Although Meijer et al. (2013) conducted comprehensive studies on the avifauna from Liang Bua there is no mention of domestic chicken.
Numerous excavations in the Moluccas during the early 1990s produced evidence of early domesticates only from the site of Uattamdi on Kayoa Island, in association with red-slipped pottery. The earliest pig bones were recovered in layers dating between two radiocarbon dates of 3260±70 or 3693-3409 cal. BP (ANU-9323) and 2610±170 or 3211-2375 cal. BP (ANU-7775). The initial appearance of dog was recorded in slightly later deposits between 3211-2375 cal. BP and 2330±70 or 2590-2202 cal. BP (ANU-9322; Bellwood et al. 1998; Bellwood and White 2005; Flannery et al. 1998 ).
In the Banda group of islands, pig is recorded at the site PA1, on Ay Island, in association with a fragment of red-slipped pottery similarly incised to Lapita pottery and dated to 3150 BP (Lape 2000) .
Oceania (with relevance to initial introduction from Southeast Asia)
The earliest evidence for the introduction of pig and chicken to Near Oceania is associated with the initial developments of the Lapita Cultural Complex, recently re-dated to between 3350-3300 BP (Summerhayes 2007; Kirch 2010) . For example, a few pig and chicken bones have been identified in early Lapita contexts from Talepakemalai (Gosden et al. 1989; Matisoo-Smith 2007) , and chicken is recorded at Etakosarai on Mussau (Matisoo-Smith 2007), and from Kainapirina on Watom the earliest reliable dates for pig is 2760-2547 cal. BP (Hawkins 2015) . Direct dates on pig and chicken bones from Teouma in Vanuatu are calibrated to between ca. 3100-2700 cal. BP, indicating that both these domestics were introduced during the earliest phases of site occupation (Petchey et al. 2015) . It is interesting to note that amongst the thousands of animal bones studied by Hawkins (2015) , which included substantial records of pig and chicken, there was not a single dog bone. Chicken bones have also been recovered from Mdailu in the southeast Solomons in association with Lapita pottery, dating to after 3200 BP (McCoy and Cleghorn 1988; Storey et al. 2012) . Pigs and chickens have been identified on Reef Santa Cruz (RF-2) dating between 3200-2800 BP, and sporadic reports of pig and dog bones have also been published from sites such as Apalo in the Arawe Islands (Gosden et al. 1989) and Balbalankin (pig only; 2950-2360 cal. BP) in the Anir Islands, and pigs at Lebang Halika on Nissan from 3300 BP onwards (Matisoo-Smith 2007) . Kirch (1987) originally reported dog from Talepakemalai on Mussau but the identification has been questioned by Matisoo-Smith (2007) , and from Tikopia (TK-4) dated to ca. 2800 BP (Matisoo-Smith 2007) . Probably the earliest reliable dates for dog in Lapita are from Kamgot (3380-2950 cal. BP) where Summerhayes (personal communication, 2016) reports five definite dog bones from the earliest levels of the site. Although, Anderson (2009) suggests that dogs are absent from early Lapita, it seems that they were perhaps present on a few sites in Near Oceania. However, as noted for Teouma on Vanuatu, dogs do not appear to have reached Remote Oceania as early as pigs and chickens.
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Australia
The arrival of the dingo into Australia is still very poorly understood. The two earliest fairly reliable dates (though it is suggested that even these 1960s dates be treated with caution) for dogs in Australia are 3450±95 (ANU-850) or 3981-3528 cal. BP from Madura cave in Western Australia (Milham and Thompson 1976) , and at Fromm's Landing in South Australia where a dingo skeleton was recovered from deposits between two dates on charcoal of 3220±94 (NPL-29) or 3695-3267 cal. BP and 3000±91 (NPL-28) or 3443-2978 cal. BP (Macintosh 1964) . Gollan (1984: 926) places the entry of dog to Australia at ca. 4200-4000 BP, and a date of between 5,000-3,000 years ago is generally accepted for the arrival of the ancestor of the Australian dingo (Crowther et al. 2014 ).
Discussion Mainland Southeast Asia
There is currently no solid evidence for an association between domestic animals and huntergatherers in MSEA. Domestic pigs and dogs are present in the earliest phases of Phung Nguyen Culture of northern Vietnam at ca. 4000 cal. BP or slightly earlier as human populations apparently spread southwards from the provinces of Fujian-Guangdong and/or Guangxi into MSEA Hung 2008, 2010) . Both pigs and dogs are present in early phases of settlement development in northern and southern Vietnam along the Red and Vam Co Dong Rivers, respectively, by ca. 4000 BP ). This distribution of domestic pigs and dogs corresponds well with the proposed origins and expansion of the Pacific Clade pigs, from southern China across parts of MSEA, likely associated with the movements of Austroasiaticspeaking populations. Domestic dogs, and possibly managed pig populations, are also present in the earliest rice agricultural settlements of Ban Non Wat, Ban Chiang and Non No Tha in northern and central Thailand. But the absence of the Pacific Clade of pigs from Thailand and Cambodia perhaps implies different origins for domestic pigs in east and west MSEA.
That east and west MSEA were on slightly different domestication trajectories is also apparent in the initial appearance of domestic cattle (Bos sp.) across the region. In Thailand, cattle have been recorded at Non Nok Tha by ca. 3500 BP (Higham and Leach 1971; Higham et al. 2014) and Ban Non Wat (Kijngam 2011 ) from at least ca. 3600 BP onwards. In northern and southern Vietnam, evidence of domestic bovines is completely absent from Neolithic sites (Sawada et al. 2011; . The potential use of domestic cattle as traction animals for ploughs in the Neolithic of Thailand, and their absence in Vietnam, has implications for the differential timing of agricultural intensification across the region.
Bird identifications in the archaeological record are still rare across MSEA (as they are in ISEA) due to a lack of specialist study, and poor bone preservation. Thus, it is still difficult to assess the distribution of fowl across the region. However, in northern and central Thailand, a region within the natural biogeographic distribution of wild red jungle fowl (Gallus gallus), and where early domestication has been proposed (Fumihito et al. 1996) , chicken bones are relatively common in early Neolithic sites, from ca. 3700 BP onwards. The deliberate inclusion of fowl in burials at sites such as Non Nok Tha and Ban Na Di (Storey et al. 2012 ) indicates a close relationship between domesticated chickens and people. The evidence for chicken domestication to the east is more equivocal. In southern Vietnam where domestic pigs and dogs have been reported, chickens appear to be almost completely absent from the archaeological record. A single tibiotarsus dating terra australis 45 to ca. 3500 cal. BP from the settlement site of Loc Giang has been interpreted as a possible small domestic fowl. This raises the possibility that chickens were domesticated in, or introduced to, west MSEA prior to their spread south and east across the region.
Neolithic domestic animals remain unreported in the Thai-Malay Peninsula before 3000 BP, but this geographic locale is likely to be where Pacific Clade pigs passed through en route to the Pacific (see below).
Island Southeast Asia
It has been argued that the translocation of the Sulawesi warty pig from Sulawesi to surrounding islands could reflect the earliest domestication event in ISEA (van den Bergh et al. 2009 ). However, the early mid-Holocene timing for warty pig movements is based on a single insecure associated radiocarbon date on charcoal of 7000 BP from Liang Bua, Flores. As has been recently demonstrated with the purported early pig introduction into New Guinea (O'Connor et al. 2011) , there is a possibility that the date for warty pig translocation will turn out to be considerably younger than originally reported. The enigmatic early Holocene records of a canid in Borneo and Palawan could potentially represent early introductions of domestic dogs to the region (see Cranbrook 2014) . But as both islands are located within the Sundaic biogeographic region and were connected to the mainland during different periods of the Pleistocene, they could just as easily represent extinct populations of the Asiatic wild dog (Cuon alpinus), which is still present in Sumatra and Java. Future recovery of diagnostic anatomical elements, and/or aDNA would help resolve this issue.
Thus, on present evidence the earliest securely dated introductions of domestic animals into ISEA all date to after 4500-4200 BP.
Interestingly, Bellwood (1997: 237) considered that the ca. 4000 BP material culture recovered from Gua Sireh in Sarawak, Malaysian Borneo, had more in common with the Peninsular Malaysian and southern Thai Neolithic than that identified to the east in the Philippines. This correlated neatly with Adelaar's (1995) argument for an Austroasiatic substratum in Land Dayak languages of western Sarawak, and indicated a possible migration from MSEA via Peninsula Malaysia into ISEA. Recent excavations at Takongen, Silabe and Harimau caves in Sumatra support a possible Austroasiatic movement into ISEA (Simanjuntak, Chapter 11, this volume) , and this might have resulted in the introduction, and then human or down-the-line movement of pigs, dogs and chickens east, where they spread out to encompass most of ISEA, with the exception of the Philippine archipelago. Unfortunately, there is currently no zooarchaeological evidence reported for any of the 'big three' in Indonesia west of Wallace's Line, prior to ca. 2500 BP (except the poorly dated Hoekgrot dog) in support of the Thai-Malay Peninsula route of translocation. This is a result of limited zooarchaeological study and problems in differentiating domestic from wild pigs, and chickens amongst the Phasianidae in this diverse faunal region. However, the Pacific Clade pig has been identified in ca. 4000 BP deposits in Liang Bua Cave, Flores, and at Uattamdi, Kayoa Island, at ca. 3200 cal. BP, indicating prehistoric movements through the region (though direct bone dates would be useful). The Pacific Clade of pigs was introduced to Near Oceania, perhaps during the early phases of Lapita development in the Bismarck archipelago at ca. 3300-3200 cal. BP, and then onwards to Vanuatu.
Based on genetic and (some) zooarchaeological evidence a second, though more enigmatic, introduction of domestic pigs, chickens and perhaps dogs occurred in the Philippines during the late third or early second millennium BC. Domestic pigs, possibly of the Lanyu haplotype, appear to have been introduced to the Batanes Islands by at least 3200 BP, and were also present in the 'open air' site of Nagsabaran in the Cagayan Valley by around ca. 4000 cal. BP (Piper et al. 2009 . This suggests introduction during or shortly after the initial establishment of the earliest sedentary settlements associated with colonisation by Austronesian-speaking populations in the Philippines (see Hung and Carson 2015) . Dogs were potentially present in the Philippines from ca. 4000 BP onwards but this still needs to be confirmed by more securely stratified specimens, or preferably, direct radiocarbon dates on dog bone. The physical remains of chickens are still absent from the archaeological record, but the unique Pacific D (Polynesian) haplotype with its possible origins in the Philippines suggests considerable antiquity for domestic fowl in the archipelago. This is supported by the identification of the Pacific D motif in chickens dated to ca. 3100-2700 cal. BP on Vanuatu (Petchey et al. 2015) . A Philippine rather than Taiwan origin for the chicken also fits with the linguistic evidence in that there is no known Proto-Austronesian (Formosan) terms for domestic fowl, but they do occur in Proto-Malayo-Polynesian (Blust 1995) . The absence of the Polynesian motif through eastern Indonesia suggests a possible direct introduction from the Philippines to the Solomon Islands and Vanuatu (though the aDNA research is still very limited). Furthermore, this haplotype of chickens is the only one translocated beyond Vanuatu into Remote Oceania. The presence of chickens with the 'Polynesian motif ' on Vanuatu in association with the Pacific Clade of pigs from Indonesia implies staggered arrival times in Near Oceania (see also Anderson 2009 ).
In Sulawesi, provisional morphometric analyses of pig teeth from the deepest and oldest layers at the sites of Kamassi (Kamansi) and Minanga Sipakko in the Karama Valley suggest introduction during or shortly after the establishment of these, the oldest known 'open air' settlement sites on the island. Dog remains are absent from the earliest deposits. These settlements have been interpreted as representing those constructed by initial colonisers migrating southwards from the Philippines (Anggraeni et al. 2014) . Future genetic and morphometric analyses will hopefully link the ancient domestic animal introductions either with Philippine or Indonesian lineages.
Currently, the earliest evidence for domestic dogs in ISEA is the ca. 3000-2800 cal. BP skeletal remains from East Timor and the early to mid-first millennium BC canid bones from Uattamdi. Biometric analysis of the well-preserved Timor dog indicates a similar stature to other prehistoric and contemporary village dogs across ISEA and the Pacific (Gonzalez et al. 2013 ). The 'village dogs' of eastern Indonesia and the Pacific appear to be morphologically unrelated to Australian dingoes and perhaps represent an entirely different dog introduction to ISEA, as has also been suggested through genetic analysis by Sacks et al. (2013) and Shannon et al. (2015) . Thus, the zooarchaeological and genetic evidence suggests at least two different dog translocations into ISEA before 3000 BP, with dingoes reaching Australia and Southeast Asian village dogs being transported into the Pacific. The possible absence of dogs in early settlement sites in the Solomons and on Vanuatu suggests they were a later arrival in Remote Oceania than pigs and chickens.
Recently, Fillios and Taçon (2016) have argued that the dingo could have been transported first to Sulawesi and then onwards to Australia sometime prior to the arrival of Austronesian migrants, by members of the Toalean forager culture. Although the absence of evidence for pottery and other material culture associated with the Neolithic in Australia and the lack of cereal digestion genes in dingoes could indicate a pre-Neolithic movement, there is currently a lack of archaeological remains of domestic dogs anywhere in MSEA and ISEA before 4500 BP, or of a pre-3000 BP date in Sulawesi to support this hypothesis. The origins of routes of translocation across ISEA of both dog lineages proposed here currently remain unknown.
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Conclusion
When Peter Bellwood initially proposed more than three decades ago that the 'big three' were first introduced to, and spread across, MSEA and ISEA by Austroasiatic-and Austronesianspeaking agriculturalists, with their ultimate origins in China, he could not have envisaged how complicated the unraveling story of animal domestication and translocation across the region would become.
Based on current evidence, none of the 'big three' was domesticated in or introduced to MSEA and ISEA prior to ca. 4500 BP. Thereafter, multiple translocation events probably resulted in two or more lineages of pigs, dogs and chickens originating in, or entering, MSEA and ISEA from the northeast and west. The appearance and spread of domestic pigs and dogs in early sedentary settlement sites across Vietnam supports the farming/language hypothesis and the spread of Austroasiatic-speaking agriculturalists from southern China through much of eastern MSEA. But genetic and zooarchaeological evidence also indicates a South Asian or Thailand origin for domestic chickens, and suggests a succeeding spread of fowl south and east into the Thai-Malay Peninsula and possibly Vietnam. Pigs, dogs and chickens found in ISEA all have their origins on the mainland.
Referring to comments by Pawley and Green (1975) , and based on linguistic reconstructions, Bellwood wrote of the Proto-Austronesian (PAN) speakers of Taiwan: 'they kept pigs, and probably dogs and chickens, and made pottery' (Bellwood 1979: 122) . Undoubtedly, the early forager-farmers of Taiwan were acquainted with pigs and dogs, with the chicken evidence remaining enigmatic. However, of the pig, dog and chicken genetic lineages with which the Proto-Austronesian and/or early Malayo-Polynesian speakers (in the Philippines) were familiar, only the chicken appears to have spread more widely, reaching Remote Oceania. The presence of both the 'Polynesian motif ' chickens and Pacific Clade pigs in Near Oceania/Solomon Islands and Vanuatu suggests multiple, staggered introductions of domestic animals of different origins into Oceania. The presence of pigs in early archaeological sites in Remote Oceania suggests that suids along with chickens were transported early with the initial colonists. This argument is supported by lexical evidence that the first Oceanic speakers in Remote Oceania practised pig husbandry (see Pawley, Chapter 17, this volume) . Interestingly, Valentin et al. (2015) identified the origins of the Lapita populations of Teouma on Vanuatu as Southeast Asian, and ultimately of East Asian descent. They also observed heterogeneity in the cranial morphometrics of the individuals studied and interpreted this as potentially reflecting diversity in their geographic origins. This would fit neatly with the variation observed in the likely sources of the domestic animals arriving in Oceania.
At least two lineages of dogs were apparently introduced to ISEA, the dingo and village dog, whose origins and routes of translocation across the region remain unknown. There is still a possibility that the dingo was transported across MSEA and ISEA prior to the movements of Austroasiatic-and Austronesian-speaking populations, and this would explain its unique and solo arrival in Australia. The Southeast Asian village dog was introduced more recently and was transported out into the Pacific. The lack of concrete evidence for dogs in early Lapita sites, certainly on the most westerly of the Remote Oceanic islands, suggests an introduction succeeding both pigs and chickens.
This text is taken from New Perspectives in Southeast Asian and Pacific Prehistory, edited by Philip J. Piper, Hirofumi Matsumura and David Bulbeck, published 2017 by ANU Press, The Australian National University, Canberra, Australia.
